Sedimentation by gravity is the oldest water treatment. Inlet and outlet of rectangular sedimentation tank are often located in the middle of the tank. The present investigation studies the effect of changing inlet and outlet position of rectangular sedimentation tank on removal efficiency using Computational Fluid Dynamics method. Two different configurations are proposed and they have been tested with varying particles diameters and concentration. Numerical model ability to describe flow field behaviour inside the tank is confirmed by an experimentation data. Results show that inlet and outlet position influence the flow field and removal efficiency of sedimentation tanks, especially for the case of fine particles (50 and 120µm).
INTRODUCTION
Sedimentation by gravity is the oldest water treatment process that constitutes a mean part of any water treatment plant. The performance of sedimentation tanks is crucial such that can have a considerable effect on the rest of the plant. In irrigation network for example, drip emitters clogging are directly caused by water quality [1] . Many numerical models have been developed to study sedimentation tanks. Computational fluid dynamics (CFD) simulation is the most used as a design tool to optimize the majority of industrial process [2, 3] . The first extensive study concerning CFD simulation of the flow field in sedimentation tank has been conducted by Larsen [4] . Few years later, Imam et al [5] simulated discrete particles in rectangular clarifiers using finite difference model. To account the turbulence, Shamber and Larock [6] solved the Navier-Stockes, k-ε turbulence model and transport equation for suspended solid concentration to several secondary clarifiers.
In general, uniform flow allows suspended particles deposition. However, the inlet flow is widely turbulent; recirculation zones create regions with high turbulent intensity and reduce effective sedimentation volume of the tank. Consequently, removal efficiency is reduced. To overcome this problem, energy of incoming flow has to be dissipated, so many investigations proposed the use of baffles. Huggins et al [7] studied the effect of adding baffle on removal efficiency. It's found that effluent solids approximately reduced by 51%. Goula et al [8] noticed that adding vertical baffle at the feed section of sedimentation tank in potable water treatment increases solids removal efficiency from 90.4% to 98.6%. Furthermore, the suitable baffle position has been the subject of several numerical and experimental investigations. It should be noted that the position of baffle is related to the flow field and the importance of buoyancy forces [9] .
In the same context, some studies have been done on the optimization of inlet design and position in order to avoid dead zones formation. Bajcar et al [10] proved that vertical flow in circular settling tank is more efficient than horizontal flow in terms of removal efficiency, especially at high inlet suspension concentration. Rostami et al [11] simulated the flow field in rectangular clarifier with different inlet apertures and showed that increasing number of slots improve uniformity of the flow and decrease the size of circulation zone. The present paper studies numerically the effect of inlet and outlet position on the removal efficiency.
THE CHARACTERISTICS OF THE TANKS
In order to study the effect of inlet and outlet position on removal efficiency of sedimentation tank, the experimental setup of Kantoush et al [12] conducted by the Laboratory of Hydraulic Constructions of the Swiss Federal Institute of Technology is adopted. A schematic view of the experimental setup is illustrated in Figure 1 .
The setup consists of rectangular inlet and outlet channel 0.25 m wide, a rectangular shallow basin with inner dimension of 6.0m length, 4.0 m wide and 0.2 m depth. The flow rate is 0.007m 3 /s; the fluid density is 996 kg/m 3 . The sediment concentration is C s = 3 kg/m3, the median grain size and sediment density are respectively D 50 = 50 µm and ρ s = 1500 kg/m 3 . Furthermore, two modified geometries: (B) and (C) were formulated based on changing inlet and outlet position as illustrated in Fig 2. They have been tested with different particle diameter and concentration ( Table 1 ).
Figure 1 : Schematic view of experimental installation
MATHEMATICAL MODEL
The rectangular sedimentation tank was modeled in 3D with a commercial CFD code, using finite volume discretization method. The flow behaviour in sedimentation tanks can be studied as multiphase flow using either Euler-Euler or an Euler-Lagrange approach. In this study Euler-Lagrange approach is adopted. Sediments are modeled as dispersed phase without particle-particle interaction since their volume fraction is below 10%. This carried out with Discrete Phase Model (DPM) which tracks particles in Lagrangian reference frame and fluid phase is treated as a continuum.
Moreover, particle-fluid interaction is taking into account using a coupled Discrete Phase Model (Two-way coupling).
Eulerian phase
The fluid flow is considered to be steady and incompressible. The fluid field equations governing in a sedimentation tank are as follows:
Continuity equation :
Momentum equation:
where i v is the average mean flow velocity, P is the averaged value of pressure, µ is dynamic viscosity and ρ is the density of fluid. s is the turbulent velocity fluctuation such that ' 
where G k is the generation of turbulence kinetic energy due to the mean velocity gradients, G b is the generation of turbulence kinetic energy due to buoyancy, μ t is turbulent viscosity, σ k and σ ε are respectively turbulent Prandtl numbers for k and ε. C 2 , C 1ε and C 3ε are constants of turbulence model.
Lagrangian phase
Trajectory of particles is calculated by integrating the particle force balance equation, which is written in the reference frame:
where v and v p are respectively the fluid and the particle velocity, ρ p is the particle density, Re r is the relative Reynolds number defined as:
C D = f(Re r ), the drag coefficient for smooth particles can be taken from:
where a 1 , a 2 and a 3 are constants that apply over several ranges of Re r given by Morsi and Alexander [13] . 
The first term on the right hand side of equation (5) represents drag force per unit particle mass. The second is the buoyancy and gravity force . F VM represents the virtual mass, which is the force required to accelerate the fluid surrounding the particle and can be written as :
F L is the lift force due to shear for small particle Reynolds numbers obtained by Saffman [14] and is expressed as follows :
The discrete phase is coupled with the Eulerian phase through momentum equation since there is a mutual effect between the flows of both phases. This momentum exchange is computed as:
where: Δ t is the time step and F other are the other interaction forces.
Turbulent dispersion
In order to account for turbulent dispersion of particles due to velocity fluctuation, a random walk model is used. The velocity fluctuation v ' i obeys a Gaussian probability, such that:
where ζ is a normally distributed random number.
THE CHARACTERISTICS OF THE TANKS

Grid independence study
To simulate the flow behavior in the sedimentation tank, many computational fluid dynamics (CFD) programs are available. In this study, governing equations are solved by the commercial CFD code ANSYS Fluent. A grid independence study was performed to ensure the accuracy of the solution. The selected grid in this study was comprised of 344000 hexahedral elements. The used discretization schemes were the SIMPLE for the pressure-velocity coupling that was developed by Patankar [15] and the second order upwind for the momentum, turbulence kinetic energy and dissipation rate of turbulence kinetic energy. Particles trajectories through the continuum phase are calculated using coupled discrete phase model (DPM). Particles are tracked and the flow field is recalculated in the presence of particles. The converged solution is determined when the absolute residuals normalized are below 10 -4 .
Boundary conditions
In this study, the initial condition for inlet and outlet are defined respectively as velocity magnitude normal to the inflow at 0.14 m/s and pressure outlet. Symmetry condition for free surface was characterized by zero normal gradients. The solid boundaries are defined as stationary wall with no slip condition. Backflow conditions are taken for both inlet and outlet as: hydraulic diameter of 0.308 m and turbulence intensity of 4.21%.
For the discrete phase model, additional boundary conditions are prescribed: "Escape" condition for inlet and outlet, this means particle will be escaped when it encounters the boundary in question. Trajectory calculations are terminated. "Trap" condition for bottom wall where particles will be settled. This means "trap" terminates the trajectory calculations and records the fate of the particle as "trapped". ''Reflect'' condition near solid boundaries. This means that the particle rebounds off the boundary in question with a change in its momentum as defined by the coefficient of restitution. This coefficient of restitution is equal to 1 if the particle retains all of its normal or tangential momentum after the rebound. A normal or tangential coefficient of restitution is equal to 0 if the particle retains none of its normal or tangential momentum after the rebound.
Figure3. Comparison of longitudinal velocity magnitude from numerical model (CFD) and Large-Scale-Particle-Image-Velocimetry (LSPIV) technique (A-case 1)
Model validation
To validate the numerical model, velocity magnitude at the basin centreline is compared with experimental results of Kantoush et al [12] . The experience consists in the development of Large Scale Particle Image Velocimetry (LSPIV) technique in order to measure velocity field in 2D.
As can be seen in Fig 3, numerical results are in general in a good agreement with experimental data. However, at the interface between inlet channel and basin, a divergence between experimental data and numerical results may be observed: a sudden velocity increase followed by a gradual decrease throughout the whole basin length. The sudden increase in velocity might be due to the sudden influence of the recirculation eddy that produces significant shear between the jet and the stagnant water, influencing so the horizontal velocity distribution of the jet, before jet diffusion becomes more important [12] . For the same reason, the velocity magnitude drops from 2 to 4m and rises from 4 to 6m.
Figure 4: Top view of streamlines colored by velocity magnitude for standard geometry (A) and proposed modified geometries (B) and (C)
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RESULTS AND DISCUSSION
Flow pattern
The flow fields calculated for different inlet and outlet locations are shown in Fig 4. In the standard geometry (A), two recirculation large eddies appear and occupy a significant volume of the tank. The flow pattern is perfectly symmetric and differs from the experimental and numerical results shown in [12] . This symmetry which appears in the present paper has been observed by Kantoush et al [16] who used different turbulence closure schemes ( k-ε and eddy viscosity models) to simulate the flow in shallow reservoir. It was found that only depth-average flow and sediment transport model (CCHE2D) is able to reproduce the strongly asymmetric flow observed during the experiments [12] . In the modified configurations (B and C), the fluid flow feed in the tank and spins around it is forming a large recirculation eddy.
On the other hand, when the sediment concentration increases, the flow field remains the same with case 1 except for the standard geometry (A), two small vortices appear. Figure 5 displayed velocity contours of standard and modified geometries. It can be seen that velocity attenuates near the wall, so that it allows particles to settle easily at the bottom. This phenomenon was the subject of various studies focused on the modelling of flow motion near to smooth and roughness wall [17] .
SOLIDS DISTRIBUTION
Particles concentrations at the bottom for case 2 are depicted in Fig 6. It can be observed that all particles settle before leaving the tank for standard geometry (A) and modified geometries (B) and (C). That means, when sediments concentration increase to 10kg/m 3 , settling efficiency is not affected by inlet and outlet location of sedimentation tank.
In Fig. 7 particles distribution at the bottom for case1 is illustrated. As it can be observed, the value of discrete phase concentration reached the bottom of the tank is very important along the main jet of the tank. Moreover, the modified geometries B and C allow sediment to settle at two sides of the tank. In fact, particle settling was enhanced near the wall. Furthermore, increasing particles concentration improves particles settling at the bottom. (13) where: N trapped : number of sediments trapped at the bottom. N injected : number of sediments injected in the inlet. Trap efficiency of standard geometry A and modified goemetries B and C for each particle diameter and concentration is presented in Fig. 8 . It can be seen that trap efficiency increases with particle diameter and concentration.
Moreover, for small particles (50, 120µm), modified geometry B is the best in terms of trap efficiency. However, when particle diameter is greater than 250µm, trap efficiency remains the same for different geometries and particle concentration.
CONCLUSION
In the present paper, numerical simulations are performed for different particle diameter and sediment concentration. Two different tanks geometries have been tested as well as the standard geometry. It was found that changing inlet and outlet location of the tank can have a considerable effect on flow pattern. In fact, trap efficiency has been improved for the proposed modified geometries B and C, especially for small particles (50, 120µm). Nevertheless, when particles diameter and concentration increase, trap efficiency tends to be the same for all geometries.
Finally, the proposed modified geometries improve hydraulic efficiency, i.e., water resides more on the tank, and consequently particles have sufficient time to settle at the bottom. Moreover, the flow near the wall enhances the settling of sediment.
